Abstract. A rift zone over 6000 km in total length runs along the border of Lada Terra, a highland in the southern hemisphere of Venus, and Lavinia Planitia, a basin that has been interpreted as a site of early-stage mantle downwelling. Along the length of the rift are a number of volcanic centers of widely varying morphology and volcanic output. These include coronae, radially fractured domes, and large flow fields similar in scale to terrestrial flood basalts. We develop a model for the origin of extension related to passive rifting in response to stresses created by the adjacent downwelling. Volcanism and extension at other rifts on Venus, such as Devana Chasma, have been attributed to deep-seated mantle plume activity. In contrast, we interpret the origin of extension and volcanism along the Lada rift to be linked to upwelling and decompression melting of mantle material due to rifting and, possibly, to counterflow associated with downwelling. Extension occurred generally prior to the formation of volcanic centers and the eruption of large-scale 11ow fields, although most of the volcanic centers have been fractured by continued extension along the rift. Current debate over the formation of terrestrial flood basalts centers on the necessity of preexisting extension and stretched and thinned lithosphere to produce enhanced decompression melting within a large plume head or mantle thermal anomaly. Our studies of large-scale flow fields associated with the Lada rift and coronae on Venus indicate that extension is a prerequisite for the formation of the majority of large-scale flow units on Venus.
Extension rate is also significant in melt production. Due to increased rates of heat conduction, slow spreading rates may greatly reduce the amount of melt generated by passive rifting [e.g., White, 1992] , although the dependence of melt production on spreading rate is mitigated in regions of lower mantle viscosities due to the importance of compositionally buoyant mantle upwelling [e.g., . Extension rates also affect the advection of a thick depleted mantle layer away from the zone of melting such that, at low rifting rates, melting is greatly reduced or shut down (K. Jha, manuscript in preparation, 1994). Therefore, variations in the rate of extension over time, Venus upper mantle temperatures are elevated such that greater amounts of melting may be produced from an upwelling than on Earth, it is plausible that the observed amounts of volcanism along the Lada rift could be produced in this manner.
To summarize, three possible mechanisms for the origin of volcanism along the Lada rift have been considered. Riftrelated upwelling may be able to account for the volume of melt observed, given estimates for higher upper mantle temperatures on Venus than on Earth. Variations in local thermal structure, lithospheric thickness, mantle viscosity and permeability, and rifting rate may account for the differences in the volume of melt produced along the Lada rift and at other sites of rifting on Venus (Table 4) 2. In addition, the onset of downwelling produced tensional radial stresses about the periphery of the basin. These stresses may have been sufficient to produce the extension observed along the Lada rift.
Alternatively, subsequent dike emplacement may have enhanced the observed amount of extension. The extension was most developed along the highland border of Lada due possibly to its closer proximity to the center of downwelling and/or to the lower strength of the thicker highland crust (Figures 13b and 13c) still visible in the radar data. Even so, it appears that factors other than the scale of upwelling are required to explain the variations in volcanism along the rift.
As discussed earlier, additional factors in the variation of volcanic style along the rift include variations in local thermal structure, crustal and lithospheric thickness, and total amount of extension, manfie viscosity and permeability, and changes in rifting rate over time ( Terrestrial flood basalts are frequently correlated with episodes of continental rifting and breakup, although the relative timing of rifting and volcanism may vary. White and McKenzie [1989] proposed that the formation of flood basalts requires the upwelling of anomalously hot mantle (i.e., a mantle plume) under conditions of preexisting lithospheric stretching and thinning. Other researchers have observed that many flood basalts actually erupt prior to major episodes of rifting (e.g., the Deccan Traps, the Karoo basalts) or are not associated with continental breakup or large amounts of extension (e.g., the Columbia River basalts, the Siberian Traps) and proposed that lithospheric extension is not a prerequisite for the formation of flood basalts [Richards et al., 1989; Campbell and Griffiths, 1990; Hooper, 1990] . Recently, White [1992] and Saunders et al. [1992] noted that although complete continental breakup and seafloor spreading may not be associated with all flood basalt provinces, some of these provinces, such as the Columbia River, appear to have been associated with limited amounts of lithospheric thinning or stretching in its initial stages which may have been sufficient to produce voluminous amounts of decompression melting within a mantle plume. Thus, it is also likely that the timing of rifting and the emplacement of flood basalts would appear to vary, depending on the relative stage of continental breakup. In order to rapidly generate huge volumes of melt, the upwelling mantle or plume head must decompress to depths of a few tens of kilometers, which according to White [1992] is not possible without lithospheric thinning and stretching. Alternatively, differences in subcontinental lithospheric thicknesses and temperatures may account for variations in the timing of rifting and the eraplacement of terrestrial flood basalts [Hill, 1991] . According to this model, when the lithosphere is relatively cool (-500øC) and thick (-200 km), areally extensive basalts are erupted -2-10 m.y. prior to the onset of rifting, depending on the time needed for heat conduction to weaken the uppermost mantle and lowermost crust. When the lithosphere is relatively hot (-700øC) and thin (-120 km), heat conduction is rapid and the initiation of extension may predate the eruption of voluminous basalts. 
Summary and Conclusions
Rifting of the 'Lada Terra highland occurs over a distance in excess of 6000 km along the border of the adjacent lowland, Lavinia Planitia, and is characterized by a series of discontinuous topographic lows 0.5-4.2 km deep. In contrast to other rifts on Venus, such as Devana Chasma at Beta Regio 
